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SUMMARY 


A low-speed high. Reynolds number investigation was conducted 
in the Langley two-dimensional low -turbulence pressure tunnel 
primarily to determine ’the air loads over a double slotted flap cn 
the NACA 65 ( 216 ) - 215 , a = 0.8 airfoil section. 

The results indicate that the loads on a double slotted flap 
change slowly with variation of angle of attack but increase 
rapidly as the flap is deflected. The airfoil -flap combination and 
double slotted flap, maximum air loads were realised at a flap 
deflection of 70 ° which appears nearly optimum for maximum section 
normal force * A maximum normal -force coefficient of 3 *37 can be 
obtained by this airfoil -flap combination of which approximately 
32 percent is supported by the double slotted flap . 


INTRODUCTION 


■ Up to the present time, very few high Reynolds number air-load 
data applicable to the structural design of double slotted flaps 
and their supporting and retracting mechanisms are available *. For 
this reason an NACA 65(2l6) -215, a = 0.8 airfoil section equipped 
with a double slotted flap was tested in the Langley two-dimensional 
low -turbulence pressure tunnel to obtain air-load data on a double 
slotted flap . The double slotted flap was designed so that the vane 
remained stationary while the flap pivoted about a fixed point relative 
to the chord. line and leading edge of the airfoil* 

Air loads on the airfoil -flap combination and double slotted 
flap were determined at flap deflections ranging from 0 ° to 70° *. Load 
distributions over -the airfoil -flap combination were determined for 
several flap deflections to obtain an indication of the effect of the 
double slotted flap on the basic load distribution. -The tests were 
conducted primarily at a Reynolds number of 6.3 x 10° with same 
variation in Reynolds number included to determine any possible scale 
effect on the air loads. 
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SYMBOLS AND COEFPICIEHTS 


°v 

Cf 

“c/lf 


n 


n max 


n r 


“t. 


max 


Of 

J -max 

*v 


% 


airfoil chord 

van© chord 

flap chord 

free -stream dynamic pressure 

quarter -chord pitching moment per unit span of airfoil 
section with double slotted flap, positive when moment 
tends to increase angle of attack 

normal force -Da mmit scan pf airfoil section with 
double ' slotted flap, positive when force is directed 
upward relative to the wing chord line 

maximum normal force per unit spen of airfoil section 

with double slotted flap, positive when force is directed 
upward relative to the wing chord, line 

normal force per unit span of-vane alone , positive when 
force is directed upward relative to the vane chord line 

maximum normal force per unit span of vane alone, positive 
when force is directed upward relative to the vane chord 
line 

normal force per unit span of flap alone, positive when 
force is directed upward relative to the flap chord line 

maximum normal force per unit span of flap alone, positive 
when force is directed upward relative to the flap chord 
line 

chord force per unit span of vane alone, positive when 
force is directed rearward relative to the vane chord 
line 

chord force per unit span of flap alone, positive when 
force is directed rearward relative to the flap chord 
line 

moment per unit span of vane alone about vane reference 
point, positive when vane tends to~rotate in direction 
to increase vane deflection 
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IQf 

Cm cA 


moment per unit span of flap alone about flap reference 
point, positive when flap tends to rotate in direction 
to increase flap deflection 

quarter-chord pitching -moment coefficient of airfoil 

section with double slotted flap 



°n 

^max 

° n v 

nv max 


normal -force coefficient of airfoil section with double 

slotted flap f 

Uo°/ 

maximum normal -force coefficient 


vane normal -force coefficient 


/ n max\ 

W/ 

PA 


(n, r \ 

— : 

G -o c v J 




Cnf max 

°*v 


C *f 

°m v 

c mf 


flap normal -force coefficient 



maximum flap normal -force coefficient 


vane chord-force coefficient 


flap chord, -force coefficient 



vane moment coefficient 




flap moment coefficient 



pressure difference across the chord line at any station 
along the chord 


P 



k 
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P noimal -pressure coefficient (p/<lo) 

a Q airfoil Bection angle of attack) degrees 

8 f flap deflection with, respect to airfoil chord, degrees, 

positive' when trailing edge of flap is deflected 
downward 

E Eeynolde number 


MODEL AND TESTS 


The model was an NACA 65(216) -215, a = 0 .8 airfoil section 
equipped with a double slotted flap and had a 2h -inch chord with 
the double slotted flap retracted* The span of the model was 
approximately 38 inches, and it was mounted in the tunnel so that 
it completely spanned the test section . The main wing section was 
constructed of laminated mahogany while the 0 . 096 -chord vane and 
the 0 .2^8-chord flap were made of red brass. Ordinates for the 
airfoil section, vane, and flap are presented in table 1% The 
main wing section, vane, and flap were constructed with flush surface 
pressure orifices located, as given in table IT, along the midspan 
for determining the air loads. The surfaces of the model were 
prepared for tests by sanding to produce aero&ynamically smooth 
surfaces . 

Sketches of- the model and the double slotted flap configurations 
are shown as figures 1 and 2. When the flap was retracted at 0°, 
tho flap chord line coincided with the wing section chord line .. For 
flap deflections varying from 25 ° to 70°, the vane remained at a 
fixed position with the leading edge located on the wing chord line 
at a point 0*795 chord from the leading edge of the wing section. 

The flap pivoted about a point 0 .893 chord from the wing leading edge 
and O.O 65 chord below the wing chord line. The pivot point on the 
flap was located at 0 *043 chord from the flap leading edge and 0 .010 chord 
bolow the flap chord line . 

Tests wore conducted at flap deflections of 0°, 25°, 30°, 35°* 10°, 
50°, 55°, and 70° «, Air loads were determined from, measurements of 
surface pressures over the wing section, vane, and flap primarily at a 
Eeynolds number of 6.3 X 10^. The air leads were obtainod at a 
sufficiont number of angles of attack to establish the maximum normal- 
force coefficient and the linear part of the section normal -force curve . 
Because the investigations were conducted at a Mach number of approxi- 
mately 0 . 12 , the data obtained are believed relatively free of the 
effects of compressibility. 



NACA RM No. LTA30 


5 


The test data of idle airfoil -flap combination, hare been corrected 
to free -air values by the following equations in which the primed 
quantities represent values measured in the tunnel i 

c n = 0.975 c*' 
a Q - 1.015 

q c = 1.010 q Q ' 


A complete discussion of these corrections Is contained in reference 1 . 
In determining the chord forces of the vano and flap , skin friction 
has not been included. 


RESULTS ABB DISCUSSION 


Section characteristics .- Section characteristics at flap 
deflections of 0°, 256, 300, 35°, 4o°, 50°, 55°, and 70° for the 
airfoil-flap combination are presented in figure 3* The maxi m um 
normal -fores coefficient obtained was 3*37 which occurred at a flap 
deflection of 70 ° • It is believed that slightly higher values may 
be obtained, by a shift In the vane location or pivot point but the 
configuration investigated is believed to be very near optimum for 
maximum section normal force . The section quarter-chord pitching- 
momont coefficients due to the normal and chordwise forces of the 
airfoil-flap combination are also presented in figure 3 for the same 
range of flap deflection. 

Double- slotted-f lao loa ds.- Air loads on the vane and flap for 
flap deflections ranging from 25° to 70° are presented in figures 4 
and 5 - These curves shew that, as the angle of attack is increased, 
the loads cn the double slotted flap change slowly in comparison with 
the loads on the airfoil -flap combination - The air loads cn the double 
slotted flap increase rapidly with flap deflection and in general, 
the maximum loads for any particular flap deflect! cn may occur at any 
section normal -force value beyond 1 . 4 . Bo uniform variation of these 
air load.s could be expected due to the radical changes of air flow 
through the slots as the flap is deflected. The maximum chordwise 
forces of the vane and flap are negative, that Is, the largest forces 
are directed forward and tend to retract tho flap. Skin friction, 
which has not been included in these chord forces, would reduce their 
magnitude.. The chord forces, however, shouJLd not be neglected when 
obtaining the resultant air load on the vane and flap. 

The variation of the normal -force loads of the airfoil -flap 
combination, vane, and flap with flap deflection are presented for 
constant angles of attack of - 4 . 1 °, 0 °, and 8.1° in figure 6. These 
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curves indicate that the normal -force loads on the double slotted flap 
"build up as rapidly, if not more so, with flap deflection than do the 
normal -force loads on the airfoil -flap combination. As the angle of 
attack is increased from -4.1° to 8.1°, the normal force load csn the 
vane decreases at the high flap deflections while those on the flap 
decrease for most flap deflections. This is probably due to separation 
of the flow at the trailing edges of "tie vane and flap which causes 
the double slotted flap to partly stall as the angle of attack is 
increased beyond a range of approximately -4.1° to 0°. The partial stall 
of the double slotted flap causes the slope of the section normal -force 
coefficient curve, at flap deflections ranging from 25° to 70°, to 
decrease as the angle of attack approaches the stall (fig. 3)* 

The maximum normal -force double -slotted -flap loads and maximum 
section normal -force loads for all flap deflections investigated are 
presented in figure 7* $4° maximum normal -force loads occur at a 

flap deflection of 7Q° which appears to be nearly optimum. 

Scal e effec t Scale effect data cm the section, force character- 
istics are presented in figure 8. A change in Beynoids number from 
2.9 X 10° to 8.9 X 10° did not affect the maximum section normal -force 
characteristics to any great extent. The scale effect data cm the vane 
loads are presented in figure 9.* As the Beynoids number is increased 
from 2 .9 X 10^ to 6.3 x lo6,- there appears an adverse scale effect- on 
the vane normal -force characteristics between section normal -force coef- 
ficients values of about 2.0 and 3*0* As the Beynoids number was in- 
creased to 8.9 x 10^, the values of the vane normal -force coefficients 
were approximately equal to those obtained at 2 .9 X 10 6 . While a decrease 
in magnitude of the moment coefficients was expected, a considerable in- 
crease occurred. This decrease in normal -force coefficient and increase 
in moment coefficient as the Beynoids number is increased from. 2.9 x 10° 
to 6.3 X 106 is due primarily to changes in pressures over the upper 
surface. The pressures over the forward part of the vane decreased while 
highor pressures resulted over the rearward part causing the center of 
pressure to move rearward which resulted in a higher pitching moment about 
the vane reference point for a lover normal -force load. The scale effect 
data obtained on the flap load characteristics are presented in figure 10. 
In comparison with the scale effect data obtained cn the vane (fig. 9 ) } 
a smaller scale effect occurred on tho flap normal and chordwise forces 
with practically no change occurring in the moment characteristics . 

Lo ad dis t ributions Load distributions -over the airfoil -flap 
combination for several flap deflections are presented in figure 11. 

A double peak-pressure region on the flap appears at a flap deflection 
of 55° • These peaks indicate that relatively high velocity regions 
exist cn the flap with a lower velocity region, between them. The main 
effect of "the double slotted flap on the airfoil is its ability to 
change the flow around the airfoil in such a manner as to increase the 
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load carried "by the main wing section without causing it to stall . 
Hie load distributions presented are useful for showing the change 
in load distribution as th3 flap is deflected and are applicablo to 
the structural design of ribs as well as the double slotted flap. 


CONCLUSIONS 


The results of this investigation of the air loads over a 
double slotted flap cn. the NACA 65 ( 2l6 } -215 , a = 0.8 airfoil 
section indicate that 

1. The air loads on the double slotted flap change slowly 
with variation of angle of attack but increase rapidly as the flap 
is deflected .. 

2 . Hie maximum air loads of the airfoil-flap combination and 
double slotted flap are obtained at a flap deflection of 70 ° which 
appears nearly optimum for maximum section normal force. 

3 . A maximum, normal -force coefficient of 3 .37 can be obtained 
by this airfoil -flap combination of which approximately 32 percent 
is carried by the double slotted flap. 

4 . The chord forces obtained at high flap deflections tend to 
retract the flap. 

5* The main effect of the double slotted flap is that it 
causes the airfoil to carry a greater load without stalling. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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[station* and ordlnatee given In paroant of wing chord] 
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Vane 


Flap 
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TABLE IX.- WING, VANE, AND FLAP ORIFICE LOCATIONS 
OF AN NACA 65(216 )-215, a = 0.8 AIRFOIL EQUIPPED 
WITH A DOUBLE SLOTTED FLAP 


Stations given In percent of wing chord _ 
from reference point of wing, vane, or flap] 


Wing section 


Upper 

orifice 

station 

Lower 

orifice 

station 

I.167 

2*375 

4.875 

7.555 

?.§75 

3:S 

25.000 

40.000 
45.065 

50.085 

77.085 

1.252 

2.667 

5.208 

7.708 

10.208 

15.292 

25.125 

55.085 

40.083 

45.042 

50.083 

55.000 

65.000 


Vane 


Upper 

orifice 

station 

Lower 

orifice 

station 

1.848 

& 

7.861 

9.360 

0.033 

3.570 

5-995 

7.710 


Flap 


Upper 

orifice 

station 

Lower 

orifice 

station 

0 

1.242 

2.483 

m 

6.208 

8.691 

12.415 

16.140 

21.106 

1.242 

2.483 

6.208 

9.952 

12.415 

16.140 

21.106 
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Section normal -fonca coefficient 



Figure 5 Saotion normal -force and pitobing^iomant oharaotoriatlGa of an HACA 65(216 ) -215, a - 0,8 airfoil 0 cot ion equipped 

with a double Blotted flap. R»6.3 x 10^. 
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Section normal-force coefficient, o 


Kb 6.3 


- Vane force oharaaterletioa of an KAO A 65 (2l6)-215, 

8 airfoil section equipped with a double slotted flap, 
x 10*. 








Soot ion normal -force a oof fi dent 


Fig. 6 
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Figure 6 •- Variation of normal-foroe coefficients with flap deflection 
of an NACA 65(2l6)-215, a = 0.8 airfoil section equipped with a 
double slotted flap. Rsr 6.J * 10^. 
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Fig. 7 




Section normal-force coefficient 



Figure 8,- 


Soale effect on section oharaoteriatica of the HACA 65(2l6)-|15, 

double slotted flap. -6* = 55 • 


a = 0.8 airfoil aeotion equipped with a 
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